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(57) Abstract: Devices and 
methods for spinal stabilization 
include first and second anchors 
(24, 26, 44, 46, 44a, 44b, 344, 346, 
348, 204a, 204b) engageable to 
respective ones of first and second 
vertebrae and a connector assembly 
(22, 42, 112, 202, 262) engageable 
with the anchors to provide a desired 
stabilization effect. The connector 
assembly (22, 42, 112, 202, 262) 
can include a connecting element 
(30, 50, 114, 210, 342) and a bumper 
element (28, 48, 48', 148, 208, 268, 
350, 352) engageable to the first and 
second anchors. 
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dynamic: constructs for spinal stabiliza tion 
background 

Elongated connecting elements, such as rods, plates, tethers, wires, cables, and other 
devices have been implanted along the spinal column and connected between two or more 
anchors engaged between one or more spinal motion segments. Such connecting elements 
can provide a rigid construct that resists movement of the spinal motion segment in 
response to spinal, loading or movement of the spinal motion segment by the patient. Stiii 
other connecting elements are flexible to permit at least limited spinal motion while 
providing resistance to loading and motion of the spinal motion segment. Such flexible 
connecting elements can be considered to provide dynamic spinal stabilization since at least 
limited movement of the spinal motion segment is preserved after implantation of the 
connecting element. 

While prior connecting elements provide various spinal stabilization options, there 
remains a need for stabilization constructs that can provide dynamic resistance to forces and 
permit motion of the spinal column segment in different directions while maintaining 
stabilization of the spinal column segment and the structural integrity of the construct. 

SUMMARY 

The present invention generally relates to constructs and methods for dynamically 
stabilizing a spinal column motion segment including at least two vertebrae by engaging the 
construct between the at least two vertebrae. The construct can be engaged to at least two 
anchors engaged to respective ones of the at least two vertebrae while permitting motion of 
the vertebrae relative to one another. The construct includes a bumper element extending 
between the anchors to resist movement of the anchors toward one another and a connecting 
element extending between the anchors to axially link the anchors to one another. 

According to one aspect, a spinal stabilization construct includes first and second 
anchors each including a proximal head and a distal portion engageable to respective ones 
of first and second vertebral bodies. The construct also includes a connector assembly 
extending along a longitudinal axis between the proximal heads of the first and second 
anchors. The connector assembly includes an elongated connecting element with a rigid 
body extending between opposites ends that are located in passages of respective ones of 
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the proximal heads. The connector assembly also includes a flexible bumper element 
positioned about the connecting element with the bumper element extending between 
opposite ends in abutting engagement with the proximal heads to resist movement of the 
heads toward one another. The connector assembly also includes an engagement member 
coupled to the proximal head of the first anchor. The engagement member secures the 
respective opposite end of the connecting element in the passage of the proximal head of the 
first anchor. The other of the opposite ends of the connecting element is captured in the 
passage of the proximal head of the second anchor and is configured with the proximal head 
to move along the longitudinal axis relative to the second anchor in response to movement 
of the first and second vertebrae along the longitudinal axis. 

In another aspect a spinal stabilization construct includes first and second anchors 
that each include a proximal head and a distal portion engageable to respective ones of first 
and second vertebral bodies. The construct also includes a connector assembly extending 
along a longitudinal axis between the proximal heads of the first and second anchors. The 
connecting assembly includes a bumper element extending along the longitudinal axis and 
positioned between the proximal heads in abutting engagement with the proximal heads to 
resist movement of the heads toward one another and an elongated connecting element 
including a band-shaped body extending along the longitudinal axis and around the 
proximal heads of the first and second anchors. 

In yet another aspect, a method for assembling a spinal stabilization construct 
comprises: engaging a first anchor to a first vertebra; engaging a second anchor to a second 
vertebra; measuring a distance between adjacent inner surfaces of proximal heads of the 
first and second anchors; selecting a bumper element having a length between opposite ends 
thereof greater than the distance measured: distracting the first and second anchors to 
separate the proximal heads; positioning the bumper element between the inner surfaces of 
the proximal heads; and compressing the proximal heads to secure the bumper element 
between the inner surfaces. 

In another aspect, a method for assembling a spinal stabilization construct comprises: 
engaging a first anchor to a first vertebra; engaging a second anchor to a second vertebra; 
positioning a bumper element around an elongated connecting element; engaging a first end 
of the connecting element to the first anchor; and slidably capturing the second end of the 



WO 2008/006098 



3 



PCT/US2007/073035 



connecting element in the second anchor with the bumper element extending between the 
first and second anchors. 

According to another aspect, a spinal stabilization construct comprises first and 
second bone anchors and an elongated connecting element extending between the first and 
second bone anchors and a bumper element positioned around the connecting element 
between the first and second anchors. The connecting element includes a first end 
extending from the bumper element fixedly engaged with the first anchor and a second end 
extending from the bumper element movabiy engaged with the second bone anchor so that 
the second bone anchor is movable to translate along the connecting element and pivotal 
about the connecting element. 

In a further aspect, a spinal stabilization construct comprises first and second bone 
anchors and an elongated connecting element extending between the first and second bone 
anchors and a bumper element positioned around the connecting element between the first 
and second anchors. The connecting element includes a first end extending from the 
bumper element captured in the first bone anchor and a second end extending from, the 
bumper element captured in the second bone anchor. Each of the first and second bone 
anchors are movable relative to the connecting element to translate along the connecting 
element and pivot about the connecting element. 

In another aspect, a spinal stabilization construct comprises first and second bone 
anchors and an elongated bumper element positioned between and abuttingly engaging the 
first and second bone anchors. The construct further comprises an elongated connecting 
element forming a band extending around the first and second anchors and along opposite 
sides of the bumper element. 

These and other aspects will be discussed further below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of a spinal column segment with a dynamic stabilization 
construct secured thereto. 

Fig. 2 is an elevation view of one embodiment of the stabilization construct of Fig. 1. 
Fig. 3 is a perspective view of the stabilization construct of Fig. 2. 
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Fig. 4 is an exploded view of the stabilization construct of Fig. 2. 

Fig. 5 is a perspective view of another embodiment bumper element useable with the 
stabilization construct of Fig. 2. 

Fig. 6 is an elevation view of another embodiment of the dynamic stabilization 
construct of Fig. 1. 

Fig. 7 is an exploded perspective view of the stabilization construct of Fig. 6. 

Fig. 8 is a sectional view showing a connecting element of the stabilization construct 
engaged to a bone anchor. 

Fig. 9 is a perspective view of the stabilization construct of Fig. 6. 

Fig. 10 is an elevation view of a portion of the stabilization construct of Fig. 6 
showing a first load distribution pattern. 

Pig. 11 is an elevation view of a portion of the stabilization construct of Fig. 6 
showing a second load distribution pattern. 

Fig. 12 is an elevation view showing a lordotic version of the stabilization construct 
of Fig. 6. 

Fig. 13 is an exploded elevation view of a spinal column segment and a multi-level 
embodimen t of the dynamic stabilization construct of Fig. 6. 

Fig. 14 is an elevation view of another embodiment of the dynamic stabilization 
construct of Fig. 1. 

Fig. 15 is an exploded perspective view of the stabilization construct of Fig. 14, 

Fig. 16 is a perspective view of the stabilization construct of Fig. 14. 

Fig. 17 is an elevation view of a portion of the stabilization constaict of Fig. 14 
showing a first load distribution pattern. 

Fig. 18 is an elevation view of a portion of tire stabilization construct of Fig. 34 
showing a second load distribution pattern. 

Fig. 19 is an elevation view showing a . lordotic version of the stabilization constaict 
of Fig. 14. 

Figs. 20A-20E show various steps of a method for assembli ng the stabilization 
construct of Fig, 14. 
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DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

For the purposes of promoting an understanding of the principles of the invention, 
reference will now be made to the embodiments illustrated in the drawings and specific 
language will be used to describe the same. It will nevertheless be understood that no 
limitation of the scope of the invention is thereby intended. Any such alterations and 
further modifications in the illustrated devices, and such further applications of the 
principles of the invention as illustrated herein are contemplated as would normally occur to 
one skilled in the art to which the invention relates. 

Constructs and methods for providing dynamic stabilization of one or more spinal 
motion segments are provided. The constructs and methods include a connector assembly 
between two or more bone anchors that can be engaged to respective ones of at least two or 
more vertebra! bodies of a spinal motion segment. The connector assembly extends along a 
longitudinal axis and includes a bumper element extending between the bone anchors to 
dynamically resist movement of the anchors toward one another and a connecting element 
that axially couples the anchors to one another. 

in one embodiment, one end of the connecting element is captured i n at least one of 
the bone anchors with at least axial movement of the connecting element relative to the 
bone anchor permitted . In one form, the other end of the connecting element is fixed in the 
other bone anchor. In another form, the other end of the connecting element is captured in 
and can axially move in the other bone anchor. In another embodiment the connecting 
element includes a band that extends around the bone anchors to axially limit or prevent the 
anchors from movement away from one another. 

In one embodiment, the connecting element can extend through the bumper element 
for engagement to the first and second bone anchors. In one form, the bone anchor includes 
a head with a pivoting ball arrangement through which an end of the connecting element 
extends. In another form, the ends of the connection element are slidably captured in heads 
of each of the bone anchors and extend to enlarged end elements that contact the respective 
bone anchor heads to limit movement of the bone anchors away from one another. In 
another embodiment, the connecting element extends around the bumper element. In one 
form, the bone anchors can include heads with flattened inner surfaces in abutting 
engagement with a respective end of the bumper element. In a further form, the outer 
perimeter of the heads of the bumper assembly can include a groove to receive the 
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connecting element therein so that the connecting element extends around at least a portion 
of each of the bone anchor heads. 

The bone anchors discussed herein can be multi-axial or uni-axia! in form, and can 
include an anchor member engageable to a vertebral body and a proximal head for receiving 
or engaging a respective end of the connector assembly. The multi-axial anchors allow the 
anchor member to be positioned at various angles relative to the head of the anchor. The 
uni -axial anchors can also provide a fixed positioning of the connector assembly to the bone 
anchor. The anchor member of the bone anchors can form a distal lower portion that is 
engageable to a vertebral body with the proximal head positioned adjacent the vertebral 
body. In one embodiment, the anchor member is in the form of a bone screw with a 
threaded shaft and a proximal head that is pivotally captured in the receiver. In other 
embodiments, the distal anchor member can be in the form of a hook, staple, cable, tether, 
suture anchor, interbody fusion implant artificial disc implant, bolt, or other structure 
engageable to bony tissue. The proximal head can include a receiver with a U-shape, O- 
shape, or other shape that, defines a passage that receives or engages the respective end of 
the connector assembly therein, thereon, therethrough, or thereover, for example. The 
connector assembly can extend from one or both of the bone anchors for securement to one 
or more additional vertebral bodies in multi-level stabilization constructs. 

Fig. 1 illustrates a dynamic stabilization constasct 20 engaged along a spinal 
column of a patient, More specifically, stabilization construct 20 can be affixed to 
pedicles P of vertebrae V of the spinal column segment S from a posterior approach. 
Also contemplated are applications in posterior-lateral, lateral, anterolateral and anterior 
approaches, and applications where the stabilization construct 20 is engaged to other 
portions of the vertebrae V, such as the anterior body portion or any of the posterior 
elements. The spinal column segment S can comprise two vertebrae V as shown for a 
single level stabilization procedure or three or more vertebrae in multi-level stabilization 
procedures. The vertebrae V can be any one or combination of the sacral, lumbar, 
thoracic, and cervical vertebrae of the spi nal column. 

Stabilization construct 20 can include a connector assembly 22 extending along a 
longitudinal axis L between first bone anchor 24 and second bone anchor 26. Connector 
assembly 22 can include a bumper element 28 positioned between bone anchors 24, 26 
and in contact therewith to dynamically resist movement of bone anchors 24, 26 toward 
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one another. Connector assembly 22 can also include connecting element 30 extending 
along axis L and axially linking or connecting anchors 24, 26 to one another. 
Connecting element 30 can be engaged, captured or constrained with anchors 24, 26 to 
couple connector assembly 22 to anchors 24, 26. Connector assembly 22 can include an 
overall length along longitudinal axis L sized to extend between bone anchors 24, 26 
when engaged to at least two vertebral bodies V. Connector assembly 22 can also be 
provided with a length sized to extend along three or more vertebrae with at least one 
bumper element between at least two adjacent vertebrae. The porti ons of the connector 
assembly 22 extending between the other vertebrae may include a bumper element, or 
may include a rod portion between the other vertebrae that provides rigid or dynamic 
stabilization without a bumper element. 

in stabilization construct 20, bone anchors 24. 26 are affixed to various locations 
of the spinal column segment S, such as the pedicles P< and interconnected with one or 
more connector assemblies 22. Other procedures contemplate connector assemblies 22 
may be employed at other locations about the spinal column, including anterior, antero- 
lateral, and lateral locations. Stabilization construct 20 may also be employed in 
procedures where such locations are combined; e.g. to provide posterior and anterior 
stabilization. Stabilization construct 20 may be used for, but is not. limited to, treatment 
of degenerative spondylolisthesis, herniation, degeneration, arthritis, fracture, 
dislocation, scoliosis, kyphosis, spinal tumor, and/or a failed previous fusion. 

Figs. 2-4 show various views of one embodiment of stabilization construct 20 
designated as stabilization construct 40. Stabilization construct 40 includes a connector 
assembly 42 extending between and engage-able to a first anchor 44 and a second anchor 46. 
Connector assembly 42 includes a bumper element 48 positioned between and abuttingly 
engaging anchors 44. 46 and a connecting element 50 extending between and engaged to 
anchors 44, 46. Bumper element 48 and connecting element 50 extend along longitudinal 
axis L. 

Connecting element 50 includes an elongated rod-like body 52 extending between a 
first end 54 and an opposite second end 56. Body 52 can have a circular cross-section as 
shown, or can include any other cross-sectional shape. The cross-section can further be 
constant along the length of body 52 or be varying in size and shape. Body 52 can be rigid 
so that when subjected to forces from spinal column loading it retains its shape and length. 
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Bumper element 48 includes an elongated cylindrical body 58 extending between a 
first end 60 and an opposite second end 62 along longitudinal axis L. Body 58 can define a 
central passage 64 sized and shaped to receive connecting element 50 therethrough with 
ends 54, 56 extending axiaily from ends 60, 62, respectively. Cylindrical body 58 and 
passage 64 can each define a circular cross-section as shown, or one or both may include 
any suitable non-circular cross- sectional shape along all or a portion of the length thereof. 

Bumper element 48 can also include first and second spacer elements 66, 68 
positioned adjacent respective ones of the ends 60, 62. Spacer elements 66, 68 can include 
axial passages 67, 69, respectively, to receive connecting element 50 therethrough with ends 
54, 56 extending axiaily therefrom. Spacer elements 66, 68 can be separate components 
from body 58 to allow the length and/or angulation of the ends of bumper element 48 
relative to longitudinal axis L to be adjusted. 

Bone anchor 44 can include an elongated shaft 70 extending di stally from, a proximal 
head 72. Shaft 70 can be threaded as shown, or can be in the form of a hook or other 
suitable bone engaging structure. Shaft 70 is shown fixed relative to head 72, but can also 
be pivotal relative to head 72 to allow adjustment in the angular orientation of shaft 70 
relative to head 72, Bead 72 can define a passage 74 for receiving connecting element 50 
therein. Passage 74 is located between first and second anus 76, 78, which extend 
proximally from a lower base porti on 80. Passage 74 can define a U- shape or any other 
suitable shape. Arms 76, 78 can be internally threaded to threadingly receive an 
engagement member 82, 

Engagement member 82 can include a proximal tool engaging portion 84 and a distal 
shaft portion 86. Shaft portion 86 can be in the form of a set screw to engage arms 76, 78. 
Tool engaging portion 84 can be severable from shaft 86 upon application of a threshold 
torque to portion 84 relative to portion 86. Other forms for engagement member 82 are 
contemplated, including nuts, caps, plugs, and sliding locking elements, for example. In the 
illustrated embodiment, engagement member 82 can be threaded into passage 74 and into 
contact with connecting element 50 to secure it in position in head 72. When secured in 
head 72, connecting element 50 is fixed in position and translation along longitudinal axis L 
relative to anchor 44 or pivoting relative to anchor 44 is prevented or minimized. 

Bone anchor 46 includes a distal shaft 88 extending distally from proximal head 90. 
Shaft 88 can be threaded as shown, or can be in the form of a hook or other suitable bone 
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engaging structure. Proximal head 90 includes a ring-like shape with a pivotal coupling 
element 92 pivotally captured therein. Coupling element 92 has a bail-like or spherical 
shape and defines a passage 94 for receiving and siidable capturi ng end 56 of connecting 
element 50 therethrough. The engagement relationship of coupling element 92 with 
connecting element 50 allows connecting element 50 to axially translate relative to anchor 
46, as indicated by arrow 96 in Figs. 2 and 3. In addition, coupling element 92 can 
universally pivot to at least some degree about connecting element 50 in response to 
movement of the vertebral body to which anchor 46 is engaged, as indicated by arrows 98. 
Accordingly, construct. 40 provides a limited range of motion for the vertebrae to which it is 
engaged to move relative to one another, while providing limits to this motion when 
coupling element 92 contacts connecting element 50. Undestred movement, such as 
slippage or displacement of the vertebrae in the axial plane of the spinal column as indicated 
by arrow 97, is resisted by each of the anchors 44, 46. 

In Fig. 5 there is shown another embodiment to bumper element 48 designated as 
bumper element 48'. Bumper element 48' can be identical to bumper element 48, but 
includes holes 49 extending through body 5B' in communication with passage 64. Bumper 
element 49' can be made from a polymer material, such as PEEK, or other suitable material. 
Holes 49 provide increased flexibility and compressibility. Any of the bumper embodiments 
could be made from PEEK or other polymer material, silicone material, polyurethane, 
elastomers, or other material providing the desired load resistance properties. In yet another 
form, the body of the bumper element can he made from a more rigid material, and the ends 
of the body or spacer elements at the end of the body can be made from a flexible material 
to allow some compression and thus limited movement of the vertebrae along the axis of the 
construct. 

Referring now to Figs. 6 and 7, there is shown another embodiment of stabilization 
construct 20 designated as stabilization construct 1 10. Several elements in stabilization 
construct 1 10 can be similar or identical to those discussed above with respect to construct 
40, and thus are designated with the same reference numerals. Stabilization construct 1 1.0 
includes connector assembly 1 12 extending between and engaged to first and second 
anchors 44a, 44b. Anchors 44a, 44b can be identical to anchor 44 discussed above, and are 
designate as "a" and "b" to indicate the anchors are separate anchors. 
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Stabilization construct 1 10 includes a connecting element 1 14 extending through 
bumper element 48. Connecting element 114 is positioned in passages 74a, 74b of anchors 
44a, 44b and engaged therein with respective ones of the engagement members 130a, 130b. 
Bumper element 48 and optional spacer elements 66, 68 are positioned between heads 72a, 
72b of anchors 44a, 44b in abutting engagement therewith. 

Connecting element 1 14 can include an elongated body 1 16 extending between 
opposite ends 1 18, 120. Ends 118, 120 can include an enlarged, ball-like or spherical 
shaped extending outwardly from body 1 1.6. When secured to anchors 44a, 44b, ends 118, 
120 are located axiaHy adjacent to the respective head 72a, 72b on the side thereof opposite 
the respective adjacent end of bumper element 48. Engagement members 130a, 130b can 
be engaged to respective ones of the heads 72a, 72 b to capture connecting element i 16 in 
the respecti ve passages 74a, 74b while permitting axial movement of connecting element 
114 and rotation of connecting element 1 14 in passages 74a, 74b. 

Fig. 8 shows a sectional view of head 72a, 72b of anchor 44a, 44b with connecting 
element 1 14 in passage 74a, 74b. Engagement member 130a, 130b can be similar to 
engagement member 82 discussed above, and can include a distal threaded shaft portion 134 
and a proximal tool engaging portion 136. Distal portion 134 can engage head 72a, 72b in 
passage ?4a, 74b. However, proximal portion 136 contact head 72a, 72b to limit 
advancement of distal portion 1.34 into passage 74a, 74b. When proximal portion 136 
contacts heads 72a, 72b, distal end 132 of shaft portion 134 is spaced from body 1 16 of 
connecting element 1 14 by a gap .1 22. Accordingly, engagement members 130a, .1 30b 
capture connecting element 1 14 in the anchors 44a, 44b but allow axial movement and 
rotation of the connecting element 1 14 and the anchors 44a, 44b relative to one another. 

Body 1 16 of connecting element 1 14 can axially translate in passages 74a, 74b to 
allow movement of heads 72a, 72b toward one another and away from one another in 
response to spinal motion, as indicated by arrow 96 in Fig. 9. For example, as shown in 
Fig. 6, bumper element 48 can be compressed so that it is bulging radially outwardly in 
response to movement of heads 72a, 72b toward one another, limiting movement of heads 
72a, 72b and thus the adjacent vertebrae toward one another along axis L. Ends 1 1.8, 120 
also contact, heads 72a, 72b in response to movement of heads 72a, 72b away from one 
another, and thus limit movement of the adjacent vertebrae away from one another along 
axis L. In addition, anchors 44a, 44b can rotate and pivot relative to connecting element 
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114 at least until such rotation or pivoting is limited by contact between the anchor and the 
connecting element. Such translations! rotational and pivoting movement; indicated by 
arrows 98a and 98b in Fig. 9, allows at least limited motion of the vertebrae to which 
stabilization construct 1 10 is engaged while providing limits to that motion. Undesired 
movement, such as translation of the vertebrae in the axial plane of the spinal column, as 
indicated by arrow 97, is prevented by contact between the connecting element and 
respective anchors and engagement members. 

Figs. 1 0 and 1 1 show loading of bumper element 48 in response to spinal extension 
and flexion, respectively, when stabilization construct 1 10 is engaged to the pedicles of 
adjacent lumbar vertebrae, for example. In Fig. 10, extension movement of the posteriorly 
stabilized vertebrae results in shafts 70a. "0b pivoting away from one another as indicated 
by arrow 137, pi voting the proximal ends of heads 72a, 72b toward one another about 
connecting element 1 14 and into active engagement with the proximal side 48a of bumper 
element 48. This displacement of heads 72a, 72b and thus the extension of the vertebrae is 
dynamically resisted by compressi on of bumper element 48 along proximal side 48a as 
indicated by arrows 128. The compression loading is greatest along the outermost portion 
of bumper element 48 and tapers toward longitudinal axis L and connecting element 1 14. 

In Fig. 1 1, flexion movement of the posteriorly stabilized vertebrae results in shafts 
70a, 70b pivoting toward one another as indicated by arrow 138, pivoting the proximal ends 
of heads 72a, 72b away from one another about connecting element 1 14 so that the distal 
sides of heads 72a, 72b acti vely engage the distal side 48b of bumper element 48. This 
displacement of heads 72a, 72b and thus the flexion of the vertebrae is dynamically resisted 
by compression of bumper element 48 along distal side 48b as indicated by arrows 129. 
The compression loading is greatest along the outermost portion of bumper element 48 and 
tapers toward longitudinal axisL and connecting element 1 14. 

in Fig. 12 there is shown a lordotic version of stabilization construct 1 10 designated 
as stabilization construct .140. Stabilization construct 140 can include several components 
thai are identical to those of stabilization constaict 1 10, and like components are designated 
with the same reference numerals. In Fig. 12, anchors 44a, 44b are oriented along axes 45a, 
45b, respectively. Axes 45a, 45b and thus anchors 44a, 44b are oriented to converge 
proximally at an angle AT Connector assembly 142 includes connecting element 1 14 as 
discussed above and a bumper element 148 extending about connecting element 1 14 
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between heads 72a, 72b. Bumper element 148 includes a body 150 extending between ends 
152, 1.54. Bumper element 14S can further include optional spacer elements 156, 158 
adjacent respective one of the ends 152, 154. 

The ends of the bumper element 148, whether defined by body 1 50 or spacer elements 
156, 1 58, can be obliquely oriented to longitudinal axis L so as to extend generally parallel 
with axes 45a, 45b and thus abuttingly contact heads 72a, 72b. This provides the full 
surface area at the ends of the bumper element 148 normally in contact with heads 72a, 72b. 
Resistance to both spinal extension and flexion of the vertebrae to which stabilization 
construct 140 is engaged is thus provided by bumper element 148 even when the axes of 
anchors 44a s 44b are not parallel with one another. 

Fig. 13 shows a multi-level version of stabilization construct 1 10 designated as multi- 
level construct 340. Construct 340 includes an elongated connecting element 342 having a 
length to extend along at least three vertebrae V and anchors 344, 346, 348 engaged to 
respective ones of the vertebrae V. Bumper elements 350, 352 are positioned about 
connecting element 342 and between respective pairs of the anchors 344, 346, 348. 
Connecting element 342 can be slidably and rotatabiy captured in each of the anchors 344, 
346, 348 with a respective one of the engagement elements 354, 356, 358. Alternatively, 
connecting element 342 can be rigidly engaged to one or more of the anchors 344, 346, 348. 

Referring now to Figs. 14 and 15, there is shown another embodiment of stabilization 
construct 20 designated as stabilization construct 200. Stabilization construct 200 includes 
a connector assembly 202 extending between and engageable to a first anchor 204a and a 
second anchor 204b. Connector assembly 202 includes a bumper element 208 positioned 
between and abuttingly engaging anchors 204a, 204b and a connecting element 21.0 
extending between and engaged to anchors 204, 206. Bumper element 208 and connecting 
element 210 extend along longitudinal axis L. 

Connecting element 210 include an elongated band-like body 212 extending between 
a first end 214 and an opposite second end 216. Body 212 can be made from metal or metal 
alloy such that it provides little or no stretching capability under normal spinal loading. 
Alternatively, body 212 can be made from a flexible, resilient and elastic material that 
allows stretching movement of the anchors 204a, 204b and thus the vertebrae to which 
construct 200 is engaged. 



WO 2008/006098 



PCT/US2007/073035 



13 

Bumper element 208 includes an elongated cylindrical body 218 extending between a 
first end 220 and an opposite second end 222 along longitudinal axis L. Body 218 can 
define central recesses 224, 225 sized and shaped to receive a portion of the respective 
anchor 204, 206 therein as discussed further below. Recesses 224, 225 can have a blind end 
in body 21 8. In another embodiment, recesses 224. 225 are connected by a central passage 
extending axially through body 218. Cylindrical body 21 8 can define a circular cross- 
section as shown, or may include any suitable non-circular cross-sectional shape along all or 
a portion of the length thereof. 

Bone anchors 204a, 204b can be a mirror image of one another when implanted. 
Each includes an elongated shaft 230a, 230b extending distaliy from a proximal head 232a, 
232b. Shaft 230a, 230b can be threaded as shown, or can be in the form of a hook or other 
suitable bone engaging structure. Shaft 230a, 230b is shown fixed relative to head 232a, 
232b but can also be pivotal relative to head 232a, 232b to allow adjustment in the angular 
orientation of shaft 230a, 230b relative to head 232a, 232b. Head 232a, 232b includes an 
inner surface 234a, 234b having a projection 236a (Fig. 20A), 236b extending therefrom 
along longitudinal axis L. The opposite, outer surface 238a, 238b of head 232a, 232b 
includes a groove 240a, 240b extending about the head 232a, 232b and in the direction of 
longitudinal axis L. 

When assembled, bumper element 208 is positioned between inner surfaces 234a, 
234b of heads 232a, 232b. Projections 236a, 236b can be positioned in respective ones of 
the recesses 224, 225 of bumper element 208 to resist or prevent slippage from between 
heads 232a, 232b. Connecting element 21 0 is positioned in grooves 240a, 240b and around 
heads 232a, 232b and bumper element 208. Since connecting element 210 extends around 
outer surfaces 238a, 238b, it couples the heads 232a, 232b to one another and can resist, or 
prevent movement of the heads 232a, 232b away from one another along axis L. 
Connecting element 210 can further secure bumper element 208 in position between heads 
232a, 232b by compressing or maintaining compression of the heads 232a, 232b against 
bumper element 208. 

Stabilization construct 200 can be assembled to provide varying degrees of motion of 
the vertebrae to which construct 200 is attached. For example, heads 232a, 232b can be 
compressed toward one another to tightly grip bumper element 208 therebetween, and then 
connecting element 210 secured around heads 232a, 232b to maintain the applied 
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compression. Connecting element 210 can be relatively inelastic under spinal loading, 
preventing motion movement of the anchor heads 232a, 232b away from one another and 
the compressed bumper element 208 prevents movement of anchor heads 232a, 232b 
toward one another. Alternatively, bumper element 208 can be rigid and relatively 
incompressible under spinal loading to prevent movement of heads 232a, 232b toward one 
another. 

m another form shown in Fig. 16. connecting element 210 can be elastic under spinal 
loading and stretch when engaged about heads 232a, 232b to permit at least limited 
movement of heads 232a, 232b away from one another along longitudinal axis I,, as 
indicated by arrow 96. Bumper element 208 can be compressible under spinal loading to 
permit movement of the anchor heads 232a, 232b toward one another in response to 
movement of the vertebrae along longitudinal axis L as also indicated by arrow 96. 
Furthermore, compressibility of bumper element 208 in response to spinal loading can 
permit, pivoting and rotational movement of the vertebrae relative to one another, as 
indicated by arrows 98a, 98b. 

Figs. .17 and 1 8 show loading of bumper element 208 in response to spinal extension 
and flexion, respectively, when stabilization construct 200 is engaged to the pedicles of 
adjacent lumbar vertebrae, for example. In Fig. 17, extension movement, of the posteriorly 
stabilized vertebrae results in shafts 230a, 230b pivoting away from one another as 
indicated by arrow 246, pivoting the proximal ends of heads 232a, 232b toward one another 
in active engagement with ends 220, 222 of bumper element 208 adjacent proximal side 
208a. This displacement of the heads 232a, 232b and thus the extension of the vertebrae is 
dynamically resisted by compression of bumper element 208 along proximal side 208a as 
indicated by arrows 250. The compression loading is greatest along the outermost portion 
of bumper element 208 and tapers toward longitudinal axis L. 

m Fig. 18, flexion movement of the posteriorly stabilized vertebrae results in shafts 
230a, 230b pivoting toward one another as indicated by arrow 248, pivoting the proximal 
ends of beads 232a, 232b away from one another so that the outer surfaces 238a, 238b 
tension connecting element 210 and inner surfaces 234a, 234b contact the respective ends 
220, 2222 to compress the distal side 208b of bumper element 208. This displacement of 
the heads 232a, 232b and thus the flexion of the vertebrae is dynamically resisted by 
compression of bumper element 208 along distal side 208b as indicated by arrows 252. The 
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compression loading is greatest along the outermost portion of bumper element 208 and 
tapers toward longitudinal axis L. 

In Fig. 19 there is shown a lordotic version of stabilization construct 200 designated 
as stabilization construct 260. Stabilization construct 260 can include several components 
that are identical to those of stabilization construct 200, and like components are designated 
with the same reference numerals. In Fig. 19, anchors 204a, 204b are oriented along axes 
205a, 205b, respectively. Axes 205a, 205b and thus anchors 204a, 204b are oriented to 
converge proximally at an angle AI . Connector assembly 262 includes connecting element 
21.0 as discussed above and a bumper element 268 extending between beads 232a, 232b 
with connecting element 210 positioned thereabout. Bumper element 268 includes a body 
270 extending between ends 272, 274. 

Inner surfaces 234a, 234b can be angled relative to axes 205a, 205b so that when 
anchors 204a, 204b are oriented along axes 205a, 205b inner surfaces 234a, 234b are 
orthogonal to longitudinal axis L to contact similarly oriented ends 272, 274 of body 270. 
In another arrangement, ends 272, 274 can be obliquely oriented to longitudinal axis L to 
contact similarly oriented inner surfaces 234a, 234b so that the surface area at the ends of 
the bumper element 268 is fully in contact with heads 232a, 232b. Resistance to both spinal 
extension and flexion movement of the vertebrae to which stabilization construct 260 is 
engaged is thus provided by bumper element 268 even when the axes of anchors 204a, 204b 
are not parallel with one another. 

Referring now to Figs. 20A-20E, a method for assembling stabilization construct 200 
will be discussed. In Fig. 20A, anchors 204a, 204b are engaged to respective ones of first 
and second vertebrae. The distance X between inner surfaces 234a, 234b is measured. In 
Fig. 20B a bumper element 208 having length X+Y between ends 220, 222 is selected. The 
distance Y is selected to provide a desired tension in connecting element 210. In Fig. 2GC, 
anchors 204a, 204b are distracted to separate heads 232a, 232b. The selected bumper 
element 208 is positioned between heads 232a, 232b so that projections 236a, 236b can be 
posi tioned in respecti ve ones of the recesses 224, 225 of bumper element 208. 

In Fig. 20D, anchor heads 232a, 232b are compressed toward one another to bring 
inner surfaces 234a, 234b in contact with the respective ends 220, 222 and to accommodate 
placement of connecting element 2 1.0 about heads 232a, 232b in grooves 240a, 240b. In the 
compressed state, bumper element 208 can bulge or flex outwardly. When connecting 
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element 210 is in position, anchor compression can be released and bumper element 208 
pushes heads 232a, 232b apart to tension connecting element 210, maintaining die construct 
in an assembled condition. The distraction provided by bumper element 208 can 
correspond to or be a function of the length increase Y determined in Fig. 20B. 
5 While the invention has been illustrated and described in detail in the drawings and 

foregoing description, the same is to be considered as illustrative and not restrictive in 
character, it being understood that all changes and modifications that come within the spirit 
of the invention are desired to be protected. 
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What is claimed is: 

I . A spinal stabilization construct, comprising: 

first and second anchors, said first and second anchors each including a proximal head 
and a distal portion engageable to respective ones of first and second vertebral bodies; 

a connector assembly extending along a longitudinal axis between said proximal 
heads of said first and second anchors, said connector assembly including: 

an elongated connecting element including a rigid body extending between 
opposite* ends in passages of respective ones of said proximal heads; 

a flexible bumper element positioned about said connecting element, said 
bumper element extending between opposite ends thereof in abutting engagement 
with said proximal heads to resist movement of said heads toward one another; and 

an engagement member coupled to said proximal head of said first anchor, 
said engagement, member securing said respective opposite end of said connecting 
element in said passage of said proximal head of said first anchor, wherein the other 
of said opposite ends of said connecting element is captured in said passage of said 
proximal head of said second anchor and is configured with said proximal head to 
move along said longitudinal axis relative to said second anchor in response to 
movement of the first and second vertebrae along the longitudinal axis. 

2. The construct of claim i, wherein said bumper element defines a longitudinal 
passage extending therethrough for recei ving said connecting element. 

3 . The construct of clai m2, wherein sai d bumper element i ncl udes a number of 
holes extending through a body thereof in communication with said passage of said bumper 
element, 

4. The construct of claim 1 , wherein said bumper element includes first and 
second compressible spacer elements at opposite ends of an elongated body of said bumper 
element, said spacer elements being positioned between respective ones of said opposite 
ends and an adjacent one of said proximal heads of said first and second anchors. 
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5. The construct of claim 1, further comprising a second engagement member 
engaged to said second anchor, wherein each of said engagement members is spaced from 
said connecting element in said passage of said respective one of said first and second 

6. A spinal stabilization construct, comprising: 

first and second anchors, said first and second anchors each including a proximal head 
and a distal portion engageable to respective ones of first and second vertebral bodies; 

a connector assembly extending along a longitudinal axis between said proximal 
heads of said first and second anchors, said connector assembly including; 

a bumper element extending along the longitudinal axis and positioned 

between said proximal heads in abutting engagement with said proximal heads to 

resi st movement of said heads toward one another; and 

an elongated connecting element including a band-shaped body extending 

along the longitudinal axis and around said proximal heads of said first and second 

anchors. 

7. The construct of claim 6. wherein said bumper element i s structured to 
prevent movement of said proximal heads tow ard one another and said connecting element 
is structured to prevent movement of said proximal heads away from one another. 

8. The construct of claim6„ wherein said bumper element i s com pressibl e to 
permit movement of said proximal heads toward one another and said connecting element is 
elastic to permit movement of said proximal heads away from one another. 

9. A spinal stabilization construct, comprising: 

first and second bone anchors and an elongated connecting element extending 
between said first and second bone anchors and a bumper element positioned around said 
connecting element between said first and second anchors, wherein said connecting element 
includes a first end extending from said bumper element captured in said first bone anchor 
and a second end extending from said bumper element captured in said second bone anchor, 
wherein each of said first and second bone anchors are movable relati ve to said connecting 
element to translate along said connecting element and pivot about said connecting element. 
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10. The construct of claim 9, wherein said connecting element includes ball- 
shaped end members and said first and second anchors are positioned between respective 
ones of said ball-shaped end members and an adjacent end of said bumper element. 
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AMENDED CLAIMS 
received by the International Bureau on 18 January 2008 (18.01.08) 

5 . The construct of claim 1 , further comprising a second engagement member engaged to 
said second anchor, wherein each of said engagement members is spaced from said 
connecting element in said passage of said respective one of said first and second anchors 
and said connecting element is axially movable in passage of each of said first and second 
anchors in response to movement of said first and second anchors relative to one another. 

6. A spinal stabilization construct, comprising: 

first and second anchors, said first and second anchors each including a proximal head 
and a distal portion engageable to respective ones of first and second vertebral bodies; 

a connector assembly extending along a longitudinal axis between said proximal heads 
of said first and second anchors, said connector assembly including: 

a bumper element extending along the longitudinal axis and positioned 

between said proximal heads in abutting engagement with said proximal heads to 

resist movement of said heads toward one another; and 

an elongated connecting element including a band-shaped body extending 

along the longitudinal axis and around said proximal heads of said first and second 

anchors. 

7. The construct of claim 6, wherein said bumper element is structured to prevent 
movement of said proximal heads toward one another and said connecting element is 
structured to prevent movement of said proximal heads away from one another. 

8. The construct of claim 6, wherein said bumper element is compressible to permit 
movement of said proximal heads toward one another and said connecting element is elastic 
to permit movement of said proximal heads away from one another. 

9. A spinal stabilization construct, comprising: 

first and second bone anchors and an elongated connecting element extending between 
said first and second bone anchors and a bumper element positioned around said connecting 
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element between said first and second anchors, wherein said connecting element includes a 
first end extending from said bumper element captured in said first bone anchor and a 
second end extending from said bumper element captured in said second bone anchor, 
wherein each of said first and second bone anchors are movable relative to said connecting 
element to translate along said connecting element and pivot about said connecting element 

10. The construct of claim 9, wherein said bumper element is compressible in response to 
spinal loading and is positioned in abutting engagement with said first and second bone 
anchors. 
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